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CHAPTER 5

STRUCTURAL DESIGN OF SEWERS
5-1. General. The structural design of a sewer requires that the
supporting strength of the pipe as installed must equal or exceed the
external loading multiplied by a factor of safety. The following
criteria for structural design of sewers are based on the assumption
that sewers will be laid in trenches entirely below the natural ground
surface and backfilled with suitable materials, that the sides of the
trench will be nearly vertical below the top of the pipe and will have
slopes no flatter than one horizontal to two vertical above the pipe,
and that the trench width at the top of the pipe will be relatively
narrow. In general, the trench width will be limited to the maximum
allowed or recommended by the pipe manufacturer.

5-2. Loads on sewers. There are three kinds of external loads to
which a sewer laid in a treach may be subjected. They are (1) loads
due to trench filling materials, (2) uniformly distributed surface
loads, such as stockpiled materials or loose fill, and (3) concentrated
surface loads, such as those from truck wheels.

a. Trench fill loads. The Marston formula will be used for
calculating loads on rigid conduits as shown in the following equation:

2
We = CCWBC
where:
Wy = vertical load on conduit in pounds per lineal foot

Cy = trench load coefficient for buried conduits
w = unit weight of trench fill materials in pcf, and
B = horizontal width of trench at top of pipe in feet

For calculation of loads on flexible conduits the prism formula will be
used as shown in the following equation:

Hy = height of fill from top of pipe to ground surface in
feet ‘
horizontal width or outside diameter of pipe in feet

o
(g}
]

In the absence of soil density measurements, the weight per cubic foot
of various materials may be taken as 120 pounds. The load coefficient
Cy is a function of the fill height H divided by the width of trench
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Bt, and will be determined from figure 5-1. An examination of the .
Marston formula will show the importance of the trench being as narrow
as practicable at and below the top of the pipe.

b. Uniformly distributed loads. Distributed loads on rigid and
flexible conduits will be calculated by the following equation:

Wq = CgpFB.

where:

Wq = vertical load on the conduit in pounds per lineal foot
Cg = surface load coefficient for buried conduits

P intensity of distributed load in psf

F = impact factor, and

B. = horizontal width or outside diameter of pipe in feet

The load coefficient Cg is dependent upon the area over which the load
p acts. It will be selected from table 5-1 as a function of the area
width D and length M, each divided by twice the height of fill H. The
impact factor F will be determined with the use of table 5-2.

Table 5-2. Impact Factor (F) vs. Height of Cover
Installation Surface Condition

Height of Taxiways, Aprons,
Cover, ft. | Highways Railways Runways Hardstands, Run-up Pads

0 to1l 1.50 1.75 1.00 1.50
1 to 2 1.35 * 1.00 w
2 to 3 1.15 * 1.00 i
Over 3' 1.00 ' * 1.00 *%

* Refer to data available from American Railway Engineering
Association (AREA)
*% Refer to data available from Federal Aviation Administration (FAA)

Note that for a static load, F = 1.0.

Source: Handbook of PVC Pipe - Design and Construction by Uni-Bell
Plastic Pipe Association, Second edition, 1982, p. 151.

c. Concentrated loads. The formula to be used for calculating
concentrated loads on rigid and flexible conduits is given by the

following equation:

W. = CgPF/L

5-2



EM 1110-3-174

9 Apr 84
1.0 1.5 20 3.0 40 50
30 7 T
Ct (GRAPH ON LEFT) —
25 \
20 AZ
15 1.5
Al B C} D/ E /
10 / 1.0
5 | [ / 09
; i) 1 o
=i 2 1177 0
5 A 05 5
(4] %)
g ¢ /ARt * g
s /I | I
4 / / / 04
T :
/ / Curves
2 /JA - Granular materialg]02
-___—/V//rr without cohesion
15 - Sand and gravel T°J5
1

~ Ordinary damp clav
Ct (GRAPH ON RIGHT) - Saturated clay
il sl i i o

0.10 0I5 020 025030 040 050 06 0.708091.0 15
VALUES OF COEFFICIENT Cy

B
C - Saturated top soi
D
E

DESIGN AND CONSTRUCTION OF SANITARY AND STORM
SEWERS - WPCF MANUAL OF PRACTICE NO. 9 BY WATER
POLLUTION CONTROL FEDERATION, 1970, P. 189,

FIGURE 5-1. TRENCH LOAD COEFFICIENTS

5-3



EM 1110-3-174

9 Apr 84

90z *d ‘0/6T ‘uorierapaf TOIIUO) UOIINTTOJ
I93eM Aq g "ON 20130eIg JO Tenuel fOJM - SISMIG WIO]S puUR A3ejTueg JO ULi3OnA3suoy pue ufrssg :92anog

: . *SS9131S [BOT3IDA
103 uorienbo bssuissnog 2yl Fo uoTIRIZOQUT S, ¥IewmdN pue s, TIOH JO UOIINTOS I0J SIUITITFIS0D 20USNTIUT

9G66°0 0€6°0 %68°0 6%¥8°0 008°0 99.°0 6GZ.L°0 %/[9°0 €19°0 LAY VASARS Qs 0 w20 77170 0°¢
9160 %68°0 198°0 0C8°0 %i/.°0 TY."0 €0.°0 0G9°0 965°0 GZS°0 /At vet0 8€7°0 12170 G'1
898°0 6%8°0 0C8°0 €8/°0 O%L°0 1I1/.°0 %i9°0 Q79°0 LS 0 G0S 0 GZH" 0 ceeo 6270 {1170 1
918°0 008°0 %..L°0 0O%L°0 T0L°0 €/9°0 6£9°0 £6G°0 2670 . 1I8%°0 SO% "0 81¢°0 617°C ZIT°0 01
¥8L°0 99L.°0 T%.L°0 1I1.°0 €19°0 (%9°0 GI19°0 ¥[GO #2870 €9%°0 1687 ¢ 50¢°0 T12°0 801°0 6°0
O%/.°0 GC/.°0 €0L°0 %.9°0 6£9°0 G19°0 %8G 0 9%G 0 66%°0 I¥%°0 CLE D 26270 207°0 €01°0 870
889°0 ¥%¥/9°0 0G9°0 879°0 [6S°0 %8GO0 9%¥S°0 11S°0 L9%°0 Y1%°0 VAN w170 681°0 L6070 L0
¥29°0 €19°0 96S°0 TLS'0 ¥%¥S'0 HZS'0G 66%°0 [9% 0 8¢%°0 6.C°0 SYATEY 78270 /170 680°0 970
8%C°0 O%YS°0 G2G°0 S0S°0 I8Y°0 €9%°0 1I%¥v'0 ¥Iiv 0 6/€°0 9¢e" 0 ¥8Z7°GC %2C°0 GG1°0 6.0°0 $°0
09%°0 %S%°0 O0O%%°'0 GTv¥ 0 SO%°0 16€°0 €/£€°0 6%¢€°0 0Z¢€ 0 %¥8C°0 I%2°0 0610 I€1°G £96°0 0
09€°0 GSE€'0 SHE'0 €€L°0 8IC'0 90€E°0C T6ZT'0 HIZ°0 [ATAN %2C° 0 061° 0 VARG €o1°0 £60°0 £°0
8%YC°0 %%¥CT°0 8€CT'0 6270 6ICT°Q0 112°0 2020 681°0 V(170 GST°0 I€T° 0 €01° 0 L0 O €070 0
8¢1°0 ¥%ZI1°0 121°0C [LIT°0 <CIT'0 8010 €01°0 [60°0 680°0 6,070 L9079 £€50°0 €070 6100 i'0
HZ

R

0°¢ 0°¢ G'1 T 0°1 6°0 2°0 L0 90 ¢ 0 %0 €0 [ARY] 1°0 4q
pEe]

HZ L, HC Hz

T W a

3TINPUC) I9A( PpdI93uU3) AJTeDIII3A speoq pasodutiadng

0

pPoINgIIISI( pPUB PIIBIJUIDUO] I0F ,mu fSIUSTOTIIS0) PrOT JO Sanfep

1W9T21FF30) prOT 2deIAINS  1-G 2IqER]

5-4



EM 1110-3-174

9 Apr 84
where:
We = vertical load on the conduit in pounds per lineal foot
. Cs = surface load coefficient for buried conduits
P = concentrated load in pounds
F = impact factor, and
L = effective length of conduit in feet

An effective length of 3 feet will be used in all cases, except where
pipe lengths are less than 3 feet, in which case the actual length of
pipe will be used. The load coefficient Cs is a function of conduit
width B, and effective length L, each divided by twice the height of
fill H. Determination of the load coefficient will be by the use of
table 5-1, and impact factor F will be selected from table 5-2. It
will be noted from table 5-2 that the effect of a concentrated or
distributed load diminishes rapidly as the amount of cover over the
sewer increases.

5-3. Supporting strength of sewers. A sewer's ability to resist
external earth and superimposed loads depends not only on the pipe's
inherent structural capablllty, but also on the method of installing
the pipe in the trench, i.e., class of bedding, type of backfill
materials, percentage of compaction, etc.

a. Rigid conduit. Pipe strength in general will be determined by
the three-edge bearing test or TEBT (termed crushlng strength in
various pipe specifications) and is expressed in pounds per lineal
foot. However, since this does not represent the actual field loading
conditions, a relationship must be established between calculated load
laboratory test strength and field support strength. The following
definitions and terminology will be used to develop field support
strength.

3

(1) Field support strength is the maximum load in pounds per
lineal foot which the pipe will support when installed under specified
trench bedding and backfill conditions.

(2) The load factor is the ratio of the field support strength
to the three-edge bearing test and will be selected from figure 5-2

depending on the class of bedding used.

(3) Safe supporting strength is the field support strength
divided by a factor of safety, equal to 1.5 for rigid conduits.

(4) The total load calculated in paragraph 5-2 must not exceed
the safe supporting strength.

(5) An additional parameter is the working strength, which is
the three-edge bearing strength divided by the factor of safety.

5-5
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b. Special rigid conduit testing. For piping not tested and rated
by the TEBT method, other strength criteria will be applied as follows.
Reinforced concrete pipe strength will be based on D-loads at the
0.01-inch crack load and/or ultimate load as described in the ACPA
Concrete Pipe Handbook. For ductile iron pipe, ANSI A21.50 will be
used to calculate the required pipe thickness classification in
relation to field loadings. The strength of cast iron soil pipe, which
normally will be used for building connections only, should be
evaluated as outlined in the CISPI Cast Iron Soil Pipe and Fittings
Handbook .

c. Flexible conduit. The capability to resist pipe deflection and
buckling under loads is the primary criterion used in the structural
design of flexible conduit. When loaded the pipe walls will deflect,
thereby creating a passive soil support at the sides of the conduit.
This pipe-soil system is essential in providing a high effective
strength, often enabling it to out perform rigid pipe under identical
loading and soil conditions. While the three~edge bearing strength is
an appropriate measure of load carrying capacity for rigid conduits, it
is not applicable for describing flexible pipe stiffness. Because a
flexible conduit must successfully interact with the surrounding soil
to support its load, the method of backfill placement, types of
materials used, soil compaction, etc., are more critical than trench
width or bedding. PVC will be designed as recommended by the
manufacturer.

d. Pipe installation.

(1) Bedding. Figure 5-2 depicts various classes of bedding
generally used when installing sewers.

(2) Backfill and compaction. Backfill materials and compaction
requirements will be included in the specifications. The possible use
of locally available materials for backfill will be investigated.
Compaction requirements will be designated for the particular soil and
moisture content at the site.

(3) 1Installation manuals. Installation manuals for the
particular types of pipe to be specified will be reviewed to ascertain
that bedding, backfill, and compaction are adequate for the existing
subsurface conditions at the site.

5-4. Special designs. Sewers should be routed to avoid areas where
soils investigations indicate poor soil conditions, rock, or rough
terrain. In cases where these conditions cannot be avoided, the
following special design approaches are to be considered.

a. Unsatisfactory soil conditions. In situations where unstable
materials occur at shallow depths, it will gemnerally be acceptable to

5-7
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overexcavate native soil to just below the trench bottom and replace
with a layer of crushed stone, gravel, or other coarse aggregate.
Concrete or wooden cradles can be used in lieu of aggregates.

b. Installation in rock. Where sewers must be constructed in rocky
terrain, trenches will be sufficiently wide to provide clearance
between the sides and bottom of the pipe, and any rock in the trench.
Pipe must be installed to avoid all contact with rock, or any other
unyielding material in the trench. A granular type bedding or concrete
cradle will normally be provided along the pipe bottom, and trenches
will be backfilled with satisfactory materials.

c. Aboveground sewers. Sewers are normally laid underground, and
at sufficient depths to be protected from impact and freezing.
However, in cases where valleys, watercourses, structures, or other
obstacles must be crossed, it is sometimes more advantageous to install
sewers aboveground. Sewers supported from bridges, piers, suspension
cables, or pipe beams, etc., will be designed with adequate structural
capability. Protection against freezing and prevention of leakage are
important design considerations. - Expansion jointing may also be
required.

d. Jacking, boring, and tunneling. 1In situations where sewers must
be constructed more than 15 feet below ground surface, through
embankments, under railroads, or where surface conditions make it
difficult or impractical to excavate open trenches, it will be
necessary to install the pipe by other methods. In these cases, pipe
may be pushed, jacked, bored, or tunneled into place. A casing pipe
will normally be required for sewers installed under railroads, primary
access roads and airfield pavements. The void space between the sewer
pipe and casing will be filled with special aggregates capable of being
blown into place, or with commercially available polyethylene or other
type spacers, saddles, and seals. Depending on soil resistance, rigid
extra strength pipe can be forced underground by machine for distances
of 50 to 150 feet.
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